Structure and function of malic enzymes, a new class of oxidative decarboxylases.
Malic enzyme is a tetrameric protein with double dimer structure in which the dimer interface is more intimately contacted than the tetramer interface. Each monomeric unit of the enzyme is composed of four structural domains, which show a different folding topology from those of the other oxidative decarboxylases. The active center is located at the interface between domains B and C. For human mitochondrial malic enzyme, there is an exo nucleotide-binding site for the inhibitor ATP and an allosteric site for the activator fumarate, located at the tetramer and dimer interfaces, respectively. Crystal structures of the enzyme in various complexed forms indicate that the enzyme may exist in equilibrium among two open and two closed forms. Interconversion among these forms involves rigid-body movements of the four structural domains. Substrate binding at the active site shifts the open form to the closed form that represents an active site closure. Fumarate binding at the allosteric site induces the interconversion between forms I and II, which is mediated by the movements of domains A and D. Structures of malic enzyme from different sources are compared with an emphasis on the differences and their implications to structure-function relationships. The binding modes of the substrate, product, cofactors, and transition-state analogue at the active site, as well as ATP and fumarate at the exo site and allosteric site, respectively, provide a clear account for the catalytic mechanism, nucleotide specificities, allosteric regulation, and functional roles of the quaternary structure. The proposed catalytic mechanism involves tyrosine-112 and lysine-183 as the general acid and base, respectively. In addition, a divalent metal ion (Mn(2+) or Mg(2+)) is essential in helping the catalysis. Binding of the metal ion also plays an important role in stabilizing the quaternary structural integrity of the enzyme.